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The copper-deficient rat-trypanosome system
was used to study copper deficiency in
Sprague Dawley rats infected with Trypanosoma lewisi. Throughout the observational
period, animals on the deficient diet had lower
plasma and liver copper concentrations compared with complete and pair-fed animals. In all
dietary groups, the food intake and body
weight changes of rats inoculated with T lewisi
showed significant increases over the noninoculated controls. The rate of these indices were
significantly less in the copper-deficient animals compared with the animals fed complete
diets. Copper-deficient and pair-fed control
rats showed greater numbers of parasites than
controls throughout the infection. The duration
of the trypanosomal infection was longer in
copper-deficient rats compared with other
groups. In all of the dietary groups, severe
depression in the primary and secondary antibody responses (IgM and IgG) to in vivo
immunization with sheep erythrocytes was
observed in infected animals over noninfected
controls. The results of the present study
indicate that during copper deficiency, there are
significant changes in food consumption and
body weight and enhanced susceptibility to
infection as measured by an increased para-
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Copper has been shown to be important for melanin
pigment formation, electron transport, integrity of the
myelin sheath, maturation of collagen, elastin formation,
phospholipid synthesis, bone development, and hemoglobin formation.'-'2 While the role of copper in physiological and biochemical systems is well-defined in the
literature,5'16 there is a lack of information on the
relationship of dietary level of copper to infection. The
article reports the results of a study investigating copper
deficiency in rats infected with Trypanosoma lewisi. The
following parameters were investigated: plasma and liver
copper concentration, host food consumption and body
weight changes, growth and reproduction of the parasitic
organism, and IgM and IgG antibody measurements.

MATERIALS AND METHODS
Experimental Hosts
Six hundred female Sprague Dawley rats weighing
60 ± 1 g were obtained from the animal breeding
laboratories of the National Institutes of Health,
Bethesda, Maryland. Table 1 shows the distribution,
number, and initial body weights of rats used in this
study, together with the dietary groupings that formed
the structure of each experiment.
All rats were housed individually in sterilized steel
mesh-bottomed hanging cages and fed the appropriate
diets from metal feeding cups specifically designed to
minimize spillage of food. All rats in the control and
copper-deficient groups were allowed to feed at will. Rats
697
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TABLE 1. AVERAGE INITIAL BODY WEIGHT OF RATS FED COMPLETE, COPPER-DEFICIENT, AND PAIR-FED
DIETS AND INOCULATED WITH TRYPANOSOMA LEWISI
Experiment 2 Experiment 3 Experiment 4
Experiment 1
Total No. of Rats
n
n
n
n
Weight
Weight
Weight
Weight*
Diet
Control
100
32
48
60±6
60±5
10
60±7
10
60±5
Noninfected
32
100
48
61±4
60±7
10
60±6
61±6
10
Infected

Copper-Deficient
Noninfected
Infected
Pair-Fed
Noninfected
Infected
Total No. of Rats

60±5
61 ±5

10
10

61 ±6
60±5

10
10

61 ±6
60±6

32
32

61 ±5
60±7

48
48

100
100

61 ±4
61 ±5

10
10

61 ±6
60±5

10
10

61 ±6
61 ±5

32
32

60±5
62±6

48
48

100
100

288

600

60

60

192

*Weight given in grams ± standard deviation.

in the pair-fed group were fed the control diet daily in
amounts equal to the food consumed by their copperdeficient paired mates in 24 hours. The daily food intake
of each rat was determined by subtracting the amount of
food remaining in the cup from the amount given the
previous day. Feeding cups and cages were cleaned
frequently to minimize algal and bacterial contamination.
The water used for feeding the rats was distilled once
and then deionized using a 3-housing Milli-Q Regent
grade water system (Baxter Scientific Corp, McGaw
Park, Illinois). This water did not contain detectable
amounts of either copper, zinc, or iron when analyzed by
flame atomic absorption spectrometry. All animals were
allowed to drink water at will. Glass bottles, glass sipper
tubes, and silicone stoppers were used to avoid any metal
contamination of the water. Prior to reuse, bottles and
sipper tubes were first cleaned uisng a solution of Tween
80 (ICN Biomedicals Inc, Costa Mesa, California),
followed by rinsing with distilled-deionized water,
soaked overnight (12 hours) in 10% HN03, and finally
rinsed thoroughly with distilled-deionized water.
Animal quarters were kept on a 12-hour light and
dark cycle. Mean temperature and humidity were
maintained at 24°C and 55%, respectively.

Experimental Diets
All diets were purchased commercially (Nutritional
Biochemicals, Cleveland, Ohio). The diets were provided as indicated above.

Parasitic Cells
The "L" isolate of T lewisi was employed in this
experimental model. This parasite has been maintained
698

in the laboratory by syringe passage in rats for more
than 20 years.'7
Pure suspensions of trypanosome cells were prepared
as physiological saline suspensions of washed cells
obtained from blood drawn by cardiac puncture of
anesthetized rats. The trypanosomes were separated
from the blood by centrifugation and removed by filter
sampler tubes (American Scientific Products, Columbia, Maryland). The cells were then resuspended in an
adjusted volume of normal saline to obtain 1000
cells/mm. The quantitative estimate of cells was made
using the hemacytometer, Toisson's fluid, red blood
cell pipette, and a 200 x diluting factor.'8

Experimental Infection
Thirty-seven days after the initiation of a dietary
regimen, one half of the rats in each dietary group were
injected intraperitoneally with 103 live T lewisi cells
that had been freshly isolated from the blood of donor
rats.

Measurement of Plasma and Liver Copper
In order to determine plasma and liver copper concentrations, rats in each dietary group were killed on days 10,
20, 30, 40, 50, 60, 70, and 80 by dislocation of the
cervical vertebrae. Blood was collected by aseptic heart
puncture, and plasma was extracted after the blood had
cooled to room temperature. Finally, a sample of liver (5
g) was removed from the dorsal lobe. Samples of plasma
and liver were placed in separate labeled vials. These
were sealed, frozen in dry ice alcohol, and stored at
-200C.
Atomic absorption spectrophotometry was used for
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 84, NO. 8
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determination of copper. Plasma samples were analyzed
directly after dilution with distilled-deionized water.19
Liver samples were analyzed following wet ashing in
2:1 perchloric acid.20 The standards consisted of
inorganic copper prepared in 1:5 g/L sodium chloride.

Measurement of Host Growth
and Food Consumption
Weight gains and food intake were determined for all
rats in each experiment. Animals and food were
weighed on a laboratory balance with a 0.01-g
sensitivity. Weights were taken every 5 days, and gains
were expressed as cumulative average percentages
relative to initial weights. All computations for food
consumption were made as 5-day averages.

Population and Reproductive
Development of T lewisi
The reproduction of trypanosomes was measured and
compared in rats fed complete (adequate), pair-fed, and
deficient diets in experiments 1 and 2. Starting the
second day after inoculation, wet blood films of
peripheral tail blood were prepared to determine the
presence of trypanosomes in the blood. This procedure
was followed until trypanosomes appeared in the
peripheral tail blood. The parasitemias of the infected
dietary groups were measured by estimation of trypanosome population in peripheral tail blood using duplicate
hemacytometer counts. 18
During the course of parasitemias, the reproductive
rates and size variability of trypanosomes were determined.21'22 Thin blood films were prepared from tail
blood at the same time the hemacytometer preparations
were made. The films were air dried, fixed in 100%
methanol, and stained in Quik stain (American Scientific
Products, Columbia, Maryland). The stained slides of
trypanosomes were viewed under a camera lucida, and 50
trypanosomes were randomly measured using calipers.
The total mean length of each trypanosome (in microns)
was recorded, and the coefficients of variation were
calculated.

Immunization With Sheep Red Blood Cells
Six days after starting the aforementioned dietary
plan and every seventh day thereafter, eight rats in each
dietary group were injected intraperitoneally with sheep
erythrocytes (M.A. Bioproducts, Walkersville, Maryland). Each rat received 0.4 mL of a 10% suspension
that was washed three times and diluted in sterile
physiological saline.
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 84, NO. 8

Determination of Antibody Production to
Sheep Red Blood Cells
The hemolytic plaque assay for detecting cells producing antibody to sheep red blood cells was performed as
described by Jerne.23 Direct plaque-forming cells were
detected 4 days after inoculation of the sheep red blood
cells and were used to determine cells synthesizing IgM
antibodies. To measure the secondary response (IgG
antibodies), rats were reimmunized 8 days after the first
inoculation. Four days after the second inoculation, the
indirect plaque-forming cells were determined.

Statistical Evaluation
The data were studied as averages calculated from
several experiments. In the study of the variability in
length of trypanosomes, coefficients of variation were
calculated. In other studies, statistical treatment of the
data involved one-way analysis of variance and where
treatment deficiencies were significant, means were
separated using Duncan's multiple range test.24

RESULTS
Plasma Copper Concentration
Figure 1 charts the average data on plasma copper
levels of rats fed complete, copper-deficient, and
pair-fed diets and inoculated with T lewisi. In the
animals fed complete or pair-fed diets, there were
essentially no differences in the plasma copper levels
between the noninfected and infected rats. In the
copper-deficient group, from the first day of observation, there was a steady decline in the plasma copper
level for both the infected and uninfected rats. Plasma
copper levels were about one fourth that seen in animals
fed a diet with a full complement of copper.

Liver Copper Concentration
Throughout the observational period, infected animals fed the complete or pair-fed diets showed no
differences in the concentration of liver copper compared to their noninfected counterparts. Copperdeficient infected rats also showed no significant
differences in the liver copper concentration of their
noninfected mates fed the same diet. However, in
contrast to the animals fed the complete and pair-fed
diets, the levels of liver copper concentration in the
deficient animals were much less and showed a general
decline from day 20 through day 80 (Figure 2).

Body Weight Gains
and Food Consumption
Figure 3 charts the body weight gains and food intake
699
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Figure 1. Average copper plasma concentra.
tion of rats fed complete, copper-deficient,
and pair-fed control diets and inoculated with
Trypanosoma lewisi. (Key: A=average for rats
inoculated with T lewisi and fed a complete diet,
O=average for noninoculated rats fed a complete
diet, LI = average for rats inoculated with T lewisi and
fed a copper-deficient diet, x = averages for noninoculated rats fed a copper-deficient diet, V = averages
for rats inoculated with T lewisi and fed a pair-fed
diet, and + =averages for noninoculated rats fed a

pair-fed diet.)
in animals given complete, copper-deficient, and
pair-fed diets and inoculated with T lewisi. The average
percent increase in body weight of infected rats over the
noninfected rats on full complement was seen from day
50 through day 80. On the average, this increase over
the control varied between 1 % and 1 8% .
In all four protocols, the infected animals fed the
complete diet consumed more food. The differences in
the amount of food ranged from 1.21 g to 2.21 g. The
overall differences in percent gains ranged from
approximately I11% to 19%. These observations were
significant from day 40 and continued until the last day
of observation. 'Me rate of growth was slower in the rats
fed the copper-deficient diets but the infected rats
ganinedi more- weigiht than the- noninfecitedi coppepr700

Figure 2. Average liver copper concentration
of rats fed complete, copper-deficient, and
pair-fed control diets and inoculated with
Trypanosoma lewisi. (Key: A = averages for rats
inoculated with T lewisi and fed a complete diet,
o=averages for noninoculated rats fed a complete
diet, LiJ = average for rats inoculated with T lewisi and
fed a copper-deficient diet, x = averages for noninoculated rats fed a copper-deficient diet, V = averages
for rats inoculated with T lewisi and fed a pair-fed
diet, and + =averages for noninoculated rats fed a
pair-fed diet.)

deficient animals. On the average, the infected group
showed an advantage of 12% to 21% from day 40 to day
80. Compared with the animals fed the complete diet,
the level of food consumption in the copper-deficient
group was much less and showed a steady decline from
day 30 through day 80.
Infected animals on the deficient diet consumed
significantly more food than the noninfected controls
beginning 3 days after the inoculation of T lewisi. The
overall differences in amounts of food consumed
ranged from 0.44 g to 2.09 g. The rate of growth in the
pair-fed control rats was similar to that seen in the
animals given the complete diet. Noninfected pair-fed
controls gained less weight than the trypanosomeinfected animals on the same diet. In the trypanosomeinfected animals, body weight gains were significant
from day 60 through day 80. As specified in the
material and methods, animals in the pair-fed group
were given food equal to that consumed by the
copper-deficient paired mates.
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 84, NO. 8
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Figure 3. Percent body weight gains and food
consumption of rats given complete, copperdeficient, and pair-fed diets and inoculated
with Trypanosoma lewisi. (Key: A = averages
for rats inoculated with T lewisi and fed a complete
diet, O=averages for noninoculated rats fed a
complete diet, El=averages for rats inoculated with
T lewisi and fed a copper-deficient diet, x =average
for noninoculated rats fed a copper-deficient diet,
V=averages for rats inoculated with T lewisi and
fed a pair-fed diet, and + =averages for noninoculated rats fed a pair-fed diet.)

Trypanosome Cell Population
Average hemacytometer counts of T lewisi in the
peripheral blood of rats given complete, copperJOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 84, NO. 8

Figure 4. Daily average hemacytometer
counts (±SD) of trypanosomes in peripheral
tail blood of rats. (Key: A = averages for rats fed a
complete diet, LU = averages for rats fed a copperdeficient diet, and V = averages for rats fed a
pair-fed diet.)

deficient, and pair-fed diets are shown in Figure 4.
The trypanosomes appeared in the tail blood of rats
after an incubation period of 4 to 6 days. The initial day
of parasitemia in those animals fed a complete diet was
day 6; in the copper-deficient dietary group, day 4; and
in the pair-fed controls, day 6. On the average,
parasitemias of copper-deficient hosts were twice that
of animals given complete or pair-fed control diets. The
complete and pair-fed control groups were essentially
equal or comparable with respect to average parasitemias. Infection terminated on the average at day 33
in copper-deficient rats. In complete and pair-fed
control rats, parasitemias terminated about day 25 and
27 respectively.

Size and Variability in Trypanosome Cells
Table 2 shows the mean length and coefficients of
variation in control, copper-deficient, and pair-fed
control rats from four experiments.
In each experiment, there was considerable variability in size up to the 13th day in the complete dietary
group. After day 13, the coefficients of variation (CV)
701
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TABLE 2. MEAN LENGTH AND AVERAGE COEFFICIENTS OF VARIATION OF TRYPANOSOMA LEWISI DURING
THE COURSE OF INFECTION IN RATS
Complete Diet
Copper-Deficient Diet
Pair-Fed Diet
CV
CV
Day After Inoculation Mean Length*
Mean Length
Mean Length
CVt
24±7
5
22±6
27
29
24±6
25
24±7
6
29
25±6
24
27±6
22
27±7
7
22±7
26
28±7
25
32
27
8
26±7
25±6
24
25
24±6
22±7
32
9
28±7
25
28±7
25
24
10
24±6
25
25±6
26±8
31
11
24
27±7
25±6
23±6
26
26
12
26±8
24±7
31
26±6
23
29
12
13
25±3
24±6
25
24±4
17
14
7
29±2
24±6
25
27±4
15
4
15
28±1
28±7
25
22±3
14
27±1
4
24
27±2
16
25±6
7
17
4
28±1
25±7
28
30±1
3
7
24
18
29±2
25±6
27±1
4
19
29±1
3
26±7
30
29±2
7
28± 1
4
7
20
25±7
28
29±2
7
21
30±2
28±7
25
30±2
7
22
7
21
30±2
28±6
29± 1
7
7
23
29±2
29±5
17
30±2
7
24
25±4
16
28±1
4
24±4
17
27±1
4
25
27±1
4
26
27
27±2
7
7
28
30±2
29
30±1
3
4
30
28±1
4
31
28±1

*Mean length given in microns ± standard deviation.
tCoefficient of variation.
for this group became fairly constant (range: 3 to 7).
The period of high variability continued through the
25th day for the copper-deficient group and the 15th
day for the pair-fed control animals. After these days,
low coefficients of variation, for both groups, were
observed (range: 3 to 7). The trypanosome body lengths
were similar in dietary groups. The mean length of the
trypanosomes in the three dietary groups (complete,
copper-deficient, and pair-fed) did not differ significantly from one another (27 ± 3, 26 + 2, 27 ± 3, respectively).

Direct Plaque-Forming Cell Response
Direct plaque-forming cell responses of rats immunized with sheep red blood cells at different intervals
before and after infection with T lewisi are shown in
Table 3.
The percentage decreases in direct plaque-forming cell
702

responses for the complete trypanosome-infected rats,
compared with their noninfected mates on the same diet,
ranged from 2% to 61%. The direct plaque-forming cell
responses in the pair-fed control group was comparable to
that seen for the complete animals. Compared to the
noninfected animals, infected pair-fed animals showed
significant decreases (4% to 67%) from day 45 to day 80.
In the copper-deficient dietary group, the number of
direct plaques formed became significant 8 days after
inoculation of T lewisi. At this time, the average direct
plaque response was 202 ± 3 cells as opposed to 168 ± 3
cells for the trypanosome-infected rats. Significant
decreases continued in plaque formation until the last day
of observation (day 80).

Indirect Plaque-Forming Cell Response
Indirect plaque-forming cell responses also were
observed in rats inoculated with sheep red blood cells at
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 84, NO. 8
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TABLE 3. DIRECT PLAQUE-FORMING CELL RESPONSE/106 SPLEEN CELLS IN RATS FED FULL
COMPLEMENT, COPPER-DEFICIENT, AND PAIR-FED CONTROL DIETS AND INOCULATED WITH
TRYPANOSOMA LEWISI
Pair-Fed Diet
Copper-Deficient Diet
Complete Diet
Infected
Noninfected
Infected
Noninfected
Noninfected
Infected
Days
921 ±3a
17
928±2a
925±5a*
833+2b
829±2b
913±1c

(2.97)t

(2.97)

(2.92)

(2.92)

751 ±1 c

(2.96)

743 ± 2d

935 ± le

(2.96)

961 ± 2b

(2.97)

(2.98)
984 ± 2b

672 ± 2d

(2.99)

(2.88)
683 ± 2c
(2.83)

(2.87)

965 ± 2a

904±2b

529±2c

520±2d

(2.97)
952 ± 2e
(2.98)
929±le

(2.97)

938 ± le
(2.97)
944 ± 3f
(2.97)
917±2a
(2.96)

842 ± 2a

874 ± 4e

24

943 ± 2a

31

(2.98)
38

921 ±la

(2.96)

(2.96)

(2.72)

(2.72)

45

849 ± 3a

866 ± lb

375 + 3c

408 + 3d

52

(2.93)
722 ± 3a
(2.86)

(2.94)
890 ± 2b
(2.95)

(2.57)
188 ± 2c
(2.27)

(2.61)
262 ± 2d
(2.42)

(2.93)
739 ± 6e
(2.87)

906 ± 2f

(2.83)

59

621 +5a

(2.79)

(2.96)

(2.20)

(2.33)

66

428±5a

864+3b

118±2c

186+3d

(2.63)

(2.94)

73

331 ±8a

854+7b

(2.07)
78±6c

166+3d

80

480 ± 2a

833 ± 3b

89 ± 5c

(2.52)
(2.68)

910±2b

(2.93)

(2.95)

159±4c

(1.89)
(1.95)

215±5d

(2.27)

(2.22)
(2.26)

180 ± 5d

608±4e
(2.78)
386±3e

(2.59)
294±2e

(2.47)

(2.94)

(12.96)

892+3f
(2.95)
873+2f
(2.94)
893+2f

(2.95)

409 + 3e

903 ± 2f

(2.61)

(2.96)

*Mean ± standard deviation. Group means within any given sampling period that are followed by different
superscripts are significantly different (P-.05). Mean separation determined by Duncan's multiple range test.
tNumbers in parentheses are the mean ± standard deviation of the log plaque-forming cell.

different intervals before and after infection with T
lewisi. Statistical data are represented in Table 4.
In the adequately fed animals (complete diets),
before the infection, there were no differences in the
number of indirect plaques seen. After inoculation with
T lewisi on day 37, significant decreases were observed
for the infected compared with the noninfected rats
from day 45 to day 80. In the pair-fed dietary group, the
number of plaques formed was suppressed in the
infected rats compared with their noninfected mates on
the same diet. From day 45 to day 80, indirect plaque
formation decreased progressively in the infected
animals. The maximum decrease of 67% occurred on
day 73. By day 80, the observed decrease was 55%. In
comparison with complete and pair-fed animals, copper-deficient rats showed lower indirect plaque-forming
values. After inoculation with T lewisi, significant
decreases (27% to 61%) were observed compared with
the noninfected controls from day 45 to day 80.

DISCUSSION
Plasma Copper and Liver Copper
Concentrations
The diagnosis of subclinical or marginal copper
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 84, NO. 8

deficiency by convenient laboratory indices has not
been perfected. The most commonly used parameter is
circulating copper concentration via plasma or serum. It
is conventionally reported that more than 90% of total
plasma copper is incorporated into ceruloplasmin,
while the remaining fraction is loosely bound to
albumin and amino acids.25'26 The concentration of
copper decreases in plasma while simultaneous decreases are observed in the liver, kidney, and femur.27 In
addition, the ceruloplasmin activity is a direct correlation to plasma copper.28 Consequently, a decrease in
either plasma or serum copper concentrations is
indicative of the lack of available copper.
Moreover, copper deficiency appears to be time
dependent and could be achieved, as evidenced by this
study, through a controlled diet. Alfaro and Heaton27
found rapid decreases in plasma copper concentrations
in rats receiving diets of different copper contents for 6
weeks. Similarly, in mice receiving a diet low in copper,
the initial reduction of copper, which started after 4
weeks, continued falling progressively until minimal
values were reached after 7 weeks.29
In the present study, unlike Pasteurella haemolytica29 or Salmonella typhimurium,30 infection with
703

NUTRITION & INFECTION

TABLE 4. INDIRECT PLAQUE-FORMING CELL RESPONSE/106 SPLEEN CELLS IN RATS FED FULL
COMPLEMENT, COPPER-DEFICIENT, AND PAIR-FED CONTROL DIETS AND INOCULATED WITH
TRYPANOSOMA LEWISI
Copper-Deficient Diet
Complete Diet
Pair-Fed Diet
Noninfected
Infected
Noninfected
Infected
Infected
Days
Noninfected
309 + 1 c
363 + 2a*
17
356 + 2b
303 + 1 d
353+ lb
349 + le
(2.55)
(2.55)
(2.48)
(2.49)
(2.55)
(2.56)t
24
360 + la
358 + la
310 + 1 c
359 + 3a
288 + lb
367 + 2d
(2.49)
(2.46)
(2.56)
(2.56)
(2.55)
(2.57)
31
247 + 2e
360 + 2a
358 + la
293 + 2c
220 + 2b
352 + 2d
(2.47)
(2.55)
(2.34)
(2.55)
(2.39)
(2.56)
342 + 2a
38
186+1c
357 + 3e
350 + lb
251 + 2d
340 + la
(2.55)
(2.40)
(2.53)
(2.27)
(2.54)
(2.53)
292 + 2a
45
288 + 3a
369 + 2e
146 + 2c
53 + 2b
202 + 2d
52
59

66
73

80

(2.46)
(2.27)
176+6a
(2.24)
154+2a
(2.19)
140+3a
(2.14)
149+1a
(2.17)
185+4a

(2.55)
(2.57)
342+3b
(2.53)
353+ lb
(2.55)
358+ lb
(2.55)
362 + 2b
(2.56)

371 +3b

(2.17)
(1.92)
73+ 1c
(1.86)
64+3c
(1.81)

82+2c

58+ 1c

(1.77)
(1.77)

58 + 3c

(2.30)

(2.47)

(2.57)

192+3d

180+2a

353+3e

(2.28)
(2.25)
166+ld
(2.22)
178+2d

(2.26)

(2.55)

170+ la

357+3e

(2.23)

(2.55)

150+3a

354+3e

(2.18)

(2.55)

115+2d

133+2e

34g+2f

(2.06)
(1.99)

141 + 2e

338 + 2f

(2.15)

(2.53)

97 + 2d

(2.13)

(2.54)

*Mean ± standard deviation. Group means within any given sampling period that are followed by different
superscripts are significantly different (P-.05). Mean separation determined by Duncan's multiple range test.
tNumbers in parentheses are mean ± standard deviation of the log plaque-forming cell.

trypanosomes did not have any significant influence on
the host copper levels. Rats fed a copper-deficient diet
had low levels of plasma and liver copper concentrations when compared with that of adequately fed
animals. Liver and plasma copper concentrations
continued to steadily decrease as the nutritional source
of the animals was restricted to the copper-deficient
diet.

Body Weight Gains and
Food Consumption
Growth retardation has been reported in copperdeficient rats,27 mice,31 lambs,3235 calves,36 and
swine.37 Copper depletion as an isolated nutritional
deficiency in man is quite rare. However, Al-Rashid
and Spangler38 described a case in 1971 in a child with
low birthweight. In 1972, Karpel and Peden39 described
a similar infant treated by long-term parenteral nutrition. During the fetal period, copper deficiency produced retarded and diminished formation of elastin; in
addition, the elastin that was made did not undergo the
normal maturation steps. Elastin from copper-deficient
animals may contain as little as half the cross-linking
amino acids found in normal elastin.40'41
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In this study, animals fed adequate diets, especially
those animals that were infected, showed a pattern of
steady weight gain. Although a phase of slow growth
was observed in the copper-deficient animals compared
with the adequately fed animals, infected copperdeficient animals gained more weight than their
uninfected counterparts. Furthermore, this study
showed that body weight gains were greater in the
infected rats fed a copper-deficient diet than in
noninfected copper-deficient rats. Similar observations
were reported in mice29 and rats.30 In addition, animals
maintained on the copper-deficient diet consumed less
food than the animals on the adequate diet. However,
regardless of the dietary group, infected animals
consumed more food than noninfected animals. The
theory that the parasites somehow stimulate the appetite
of infected animals is favored in these observations.21'22

Trypanosome Reproductive Development
and Antibody Formation
The comparative study of T lewisi population in
infected rats showed earlier and higher levels of
parasitemia in copper-deficient rats. The number of
parasites in the blood of copper-deficient rats was about
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 84, NO. 8
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two times that of animals fed the complete diet. In
addition, the duration of parasitemia showed that
copper-deficient rats were significantly more susceptible to infection than rats fed adequate diets. The effect
of inanition on the host resistance was negligible in that
trypanosome population in rats on the pair-fed diet was
comparable with that of animals on the complete diet.
Although the specific role of copper in the host
immune response is undefined, there is an apparent
relationship between the degree of copper deficiency
and impairment of immune function.3' The population
patterns of the trypanosomes indicate a delay in the
production of both reproduction-inhibiting (ablastin)
and trypanolytic antibodies in the copper-deficient
animals. Delay in the production of ablastic and early
trypanolytic antibodies (IgG) are evidenced by the
continued high coefficient of variation and parasitemia
levels in the copper-deficient rats. The persistence of
the parasites in the body of the host is indicative of
delayed or impaired production of the terminal trypanolytic antibodies (IgM) in the deficient animals.42'43
The data on plaque-forming cell responses provide
further evidence that copper deficiency and infection with
T lewisi can cause depression of antibody response in the
host. These findings together with report of depressed
T-helper and T-killer activity in murine spleen cells
incubated in vitro in a copper-free medium44 raise the
possibility that T and B cell cooperation is impaired
during copper deficiency. Sullivan and Ochs45 reported
that defective IgG antibody production following secondary bacteriophage immunization was related to the
defective copper metabolism and also responsible for the
high incidence of bacterial sepsis observed in Menkes'
syndrome. However, this finding was refuted by Pedroni
et al46 who suggested impairment in T cell production
was the defect in this disease.
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Wed like to introduce you to the newest spokesman
for the American Heart Association.
Just as soon as he's born.
The same baby who, ten years ago, wouldn't have lived to

'
_

speak his first word. But now doctors can look inside the hearts
of unborn babies, detect disorders and correct them at birth.
Thanks to research, he can have a healthy, normal life.

0 American Heart Association
WERE FIGHTING FOR YOUR LIFE
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